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In this study, we isolated five macrolactin compounds from a fermentation broth of Bacillus poly-
fermenticus KJS-2. The macrolactin compounds were structurally identified as macrolactin A (MA),
7-C'malonyl macrolactin A (MMA), 7-CGsuccinyl macrolactin A (SMA), macrolactin E (ME) and mac-
rolactin F (MF) via a variety of NMR techniques, COZY, DEPT, HMQC and HMBC, and mass and
specific rotation assays. The three macrolactin compounds, MA, MMA and SMA, profoundly inhibited
the growth of both vancomycin-resistant Enterococal (VREs) and methicillin-resistant Staphylococcus aur-
eus (MRSA), the inhibition of which were estimated via a disc agar diffusion bioassay. MA, MMA,
and SMA exhibited antibacterial activities superior to those of vancomycin and teicoplanin.
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Introduction

The macrolactin compounds are a class of macrolide anti-
biotics, all of which contain a 24-membered lactone ring [8].
They were isolated from several natural sources, an un-
classifiable marine bacterium, Strepfomyces, Actinomadura,
and Bacillus species [4,8,11,16]. Thus far, 26 macrolactin com-
pounds have been structurally elucidated [8,16,21,22,26-28].

Macrolactins evidence a variety of structures, as well as
broad pharmacological activities. MA inhibits not only pro-
liferation of murine melanoma cancer cell and Herpes simplex
virus [8], but also the synthesis of the enzyme squalene syn-
thase [4]. Additionally, MA appears to be capable of protect-
ing neuronal cells against glutamate toxicity [11] and also
protects T lymphoblast cells against injury by the human
immunodeficiency virus (HIV) [8]. The macrolactin com-
pounds exhibit a marked antimicrobial activity [8-10,14,16,
22,26]. MMA and SMA also inhibit the growth of the danger-
ous Gram-positive bacteria, MRSAs and VREs [21].

We have been primarily interested in macrolactin com-

pounds and their numerous pharmacological activities, most
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specifically the antibacterial activities evidenced by some
macrolactin compounds against multidrug-resistant bacteria.

Increased resistance to antimicrobial agents and the emer-
gence of multidrug-resistant gram-positive bacterial patho-
gens, including MRSA and VRE, have become pressing is-
sues in the medical community[17,18,20]. These organisms
induce nosocomial infections and are associated with in-
creased rates of morbidity and mortality [5,7,25]. The glyco-
peptide antibiotics vancomycin and teicoplanin are com-
monly employed to treat infections caused by MRSA and
VRE [19,24]. However, recent emergences of infections evi-
dencing high-level resistance to these glycopeptide anti-
biotics have resulted in restrictions being placed on their use
for the treatment of nosocomial infections [1,3]. Linezolid,
a novel synthetic oxazolidinone compound, has been identi-
fied as a potential alternative against MRSA and VRE
[6,15,29]. However, linezolid-resistant Enterococci have al-
ready been reported [2,23]. Thus, the development of new
antibiotics is clearly necessary in order to overcome these
bacterial infections.

Bispan strains are recognized in the Japanese pharmaco-
poeia as amylolytic bacilli and commercial probiotic bacteria
mixed with at least four strains of Bacillus polyfermenticus
[13]. In a previous study, we newly isolated B poly-



fermenticus K]JS-2 from these Bispan strains [12].

In the process of surveying the antibacterial activity of
secondary metabolites generated by B polyfermenticus KJS-2
against VREs and MRSAs, we identified the five macrolactin
compounds as major components evidencing antibacterial
activities.

In this paper, we report the isolation, purification, struc-
tural elucidation, and antibacterial activities of macrolactin
compounds generated by B polyfermenticus KJS-2.

Materials and Methods

Strains and media

The following standard strains were employed in this
study: Enterococcus faecalis ATCC29212 and Staphylococcus
aureus subsp. aureus ATCC25923. Clinical isolates of vanco-
mycin-resistant Enterococcus faecium (VanA type, VRE-1,
VRE-2) and methicillin-resistant Staphylococci (MRSA-4,
MRSA-9) were obtained from the Dong-A University
Medical Center and Kyungsung University, respectively,
both of which are located in Busan, Korea. All bacteria were
cultivated at 35°C and 200 rpm for 24 hr in tryptic soy broth
(TSB, Difco). All organisms were maintained in 25% glycerol
solution at -72°C for short-term storage and freeze-dried
with 10% skim milk for long-term storage.

Chemicals

Vancomycin, methicillin, and ampicillin were purchased
from Sigma. Teicoplanin was obtained from IL-DONG
Pharmaceutical Co., LTD. Antibiotic stock solutions were
freshly prepared in sterile distilled water. Stock solutions of
MA, MMA, SMA, ME and MF were freshly prepared in
methanol.

Culture and extraction

B. payfermenticus KJS-2 was used to produce macrolactins.
The strain was grown in TSB medium, which functioned as
the seeding medium. The seeding medium (280 ml) was cul-
tured at 37°C on a rotary shaker at 200 rpm until the culture
reached an ODgy of 0.7, and then inoculated into a fermentor
(10 1, Biotron, Korea) containing 7 1 of fermentation medium.
The fermentation medium consisted of 16 g of nutrient broth
(Difco), 2.5 uM FeSO4, 500 uM CaCl, 10 uM MnClp, 1 mM
MgSO,, 13 mM KCl, and 10 g of skim milk in a total volume
of 1 L.

To produce MA, MMA, ME and MF, fermentation was
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conducted at 30°C with an agitation rate of 200 rpm and
an aeration rate of 1.0 1/min. The pH was maintained at
6.8 via the addition of 2N H,SO; and 3N NaOH.

The fermentation broth was extracted three times with an
equal volume of ethyl acetate. The ethyl acetate layer was
evaporated under vacuum. The residue was dissolved in
methanol.

To generate SMA, the seeding culture (40 ml) was in-
oculated into 11 of TSB medium supplemented with 50 ml
of HP-20 resin. Following 2.5 days of incubation at 30°C and
200 rpm, the culture broth was filtered to collect HP-20
resins. The collected resins were then washed for 1 hr with
250 ml of ethyl acetate, and this procedure was repeated
three times. The eluted solvent was evaporated under vac-
uum, and the final residue was dissolved in methanol.

Medium (MPLC)
separation

For the partial purification of a macrolactin compound,

pressure  liquid  chromatography

the extract was fractionated with a Buchi MPLC system
(Buchi pump C-605, column 1.5%23 cm, fraction collector
Buchi C-660) using LiChroprep C-18 (40~63 pm, Merck) as
an adsorbent. The MPLC conditions were as follows: 40%
acetonitrile or 40% acetonitrile containing 20 mM ammo-
nium acetate was maintained at a flow rate of 15 ml/min
for the first 800 sec, after which 100% methanol was main-
tained with a flow rate of 20 ml/min from 800 to 1200 sec
on an MPLC chromatograph. Elution was monitored at 262
nm.

Each of the fractions was evaporated i vacuo and ex-
tracted with ethyl acetate and water. The ethyl acetate layer
was evaporated under reduced pressure, after which the res-

idue was dissolved in methanol.

Semi-preparative HPLC separation

To achieve higher purity, each of the MPLC fractions was
injected into a semi-preparative liquid chromatography ap-
paratus (Young-Lin Co. Ltd., Korea) equipped with a Gemini
C18 column (250 by 10 mm, Phenomenex Co., Ltd.). 40%
acetonitrile solution was maintained at a flow rate of
5ml/min. The pooled fractions were evaporated under vac-
uum and extracted with ethyl acetate and water. The ethyl
acetate layer was evaporated under reduced pressure, and
a pale yellow or off-white powder was subsequently

generated. Each of the powders was stored at -20°C.
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Conditions for HPLC and LC/Mass analysis

HPLC and LC/Mass analysis were conducted using a
Shimadzu class vp and Agilent 1100 seriesapparatus,
respectively. The Agilent 1100 series contains a high pres-
sure liquid chromatograph connected to an online diode ar-
ray detector (DAD) and a mass selective detector (MSD)
equipped with an electrospray ionization chamber. A Zorbax
SB C18 column (dimensions, 250 by 4.6 mm) was used for
HPLC and LC/Mass analysis. The mobile phase consisted
of acetonitrile and water including 0.1% formic acid. The
acetonitrile concentration increased in a linear fashion from
0 to 100% for 20 min. The UV wavelength was set at 262
nm. The flow rates of the mobile phase in HPLC and
LC/Mass were 1.5 and 1 ml/min, respectively. For LC/Mass
analysis, the flow was directly introduced into the ESI
interface. The capillary voltage was set to 4 kV, the drying
gas temperature was 300°C, the dry gas flow was 12 1/min,
and the nebulizer pressure was set to 50 psi.

Structure determination

For nuclear magnetic resonance (NMR) spectroscopy, 30
mg of the purified compound was dissolved in DMSO-ds
lH—NMR, selective homonuclear-decoupled, 13C-NMR,
DEPT-45, DEPT-90, DEPT-135, 'H-'H COZY, HMQC and
HMBC spectra were recorded using a Brucker Advance DRX
500 spectrometer operating at 500 MHz. For specific rotation
measurements, 40 mg of the compound was dissolved in
1 ml of MeOH. The solution was transferred into the tube
(length=100 mm, volume=1 ml), after which the specific ro-
tation was measured using a POLAX-D polarimeter (Atago,
Germany).

Antibacterial activities by agar diffusion bioassay
A cell suspension was overlaid on a cation-adjusted

Mueller-Hinton agar plate (5x10° cfu/plate). Sterile discs (6
mm AA discs, Whatman) impregnated with 10 ul of the anti-
biotic stock solution or the sample stock solutions (the final
compound concentration on the disc, 50 pg) were placed on
the agar plates. 10 pl of MeOH was employed as a control.
All bacteria were incubated for 18 hr at 35°C. After in-
cubation, the diameters (mm) of the inhibition zones were
measured with a ruler.

Results

MPLC fractionation and antibacterial activities

The fermentation broth was extracted with ethyl acetate,
and subsequently equally divided into three fractions by
MPLC. Each of the MPLC fractions was then analyzed via
LC/Mass, and their anti-VRE and anti-MRSA activities were
assessed via a paper disc-agar diffusion bioassay. The large
inhibition zones of bacterial growth were observed around
the discs. Interestingly, both of the second and third MPLC
fractions strongly inhibited the growth of VREs and MRSAs.
Table 1 provides their anti-VRE and anti-MRSA activities.
The UV spectra and mass data resulting from the LC/Mass
analysis of two MPLC fractions suggested that their major
components might be macrolactin compounds. Fig. 2 shows
LC chromatograms of the crude extract and the three frac-
tions divided by MPLC.

Production,  isolation, and  structure  determination
of five macrolactin compounds

Five major compounds were purified from a fermentation
broth of Bp2. The production yield of compound I was esti-
mated as 58 mg/1. The purity was 98.3% on the HPLC chro-
matogram observed at a UV wavelength of 262 nm.
Compound I evidenced a 425.4 [M+Na]" and 441.4 [M+K]"

Table 1. Antibacterial activities of the crude extract and three fractions divided by MPLC

Inhibition diameter (mm)

Strain Class of bacteria Crude MPLC fractions

extract 1st 2nd 3rd

E. faecalis ATCC29212 Gram positive 12 - 12 8
VRE-1 Gram positive 15 - 14 13

VRE-2 Gram positive 17 - 17 14

S. aureus ATCC25923 Gram positive 25 13 25 23
MRSA-4 Gram positive 30 16 30 30
MRSA-9 Gram positive 33 23 33 32

E. faecalis ATCC29212, Enterococcus faecalis ATCC29212; VRE, vancomycin-resistant Enterococcus faecium S. aureus ATCC25923,
Staphylococcus aureus ATCC25923; MRSA, methicillin-resistant Staphylococcus aureus

See materials and methods for experiment procedures.
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Fig. 1. Chemical structures of five macrolactin compounds produced from B polyfermenticus KJS-2.
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Fig. 2. LC chromatograms of the crude extract and three fractions divided by MPLC. a), LC chromatogramsof the crude extract,
b), ¢) and d) 1st, 2nd and 3rd fraction, respectively. Roman numerals indicate the peaks which were identified as macrolactins.
LC chromatogram was generated at 262 nm of UV wavelength.

mass-to-charge ratio in the (+) ESI-mass spectrum. The max-
imal absorptions observed were at 230 and 262 nm in the
UV spectrum. Compound I was identified as a monocyclic
compound composed of CpyH3/O5, via analysis of the 'H-'H

COZY, HMQC, and HMBC NMR spectra (Table 2).
However, these data were not sufficient to elucidate the
structure because the 'H NMR spectrum included complex
peaks. For this reason, a selective homonuclear decoupling
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Table 2. '"H NMR data (500 MHz) of compounds 1-5 in DMSO-c#’

C?It(’)on 1 2 3 4 5

2 55 (I, d, 1169) 558 (I, d, 11.39) 555 (1H, d, 1150) 554 (1H, d, 1153) 556 (1, d, 1147)
3665 (IH, dd, 1154, 1151) 662 (IH, dd, 1134, 11.92) 666 (IH, dd, 1150, 1151) 665 (IH, dd, 1151, 1155 663 (1H, dd, 1148, 1151)
4 706 (IH, dd, 1156, 1513) 71 (IH, dd, 1174, 1565) 707 (IH, dd, 1149, 1512) 711 (1H, dd, 1136, 15.26) 7.09 (1H, dd, 11.63, 15)
5 619 (IH, dy 1517, 1468) 61 (1H, dt, 1523, 1462 621 (IH, m) 62 (IH, dt, 1535, 1493) 608 (1H, dt, 15.15, 14.71)
6 232 (2H, m) 254 (H, m) 232 (1H, m) 233 (2H, m) 256 (2H, m)

225 (1H, m)
7 416 (1H, m) 539 (IH, m) 408 (1H, m) 412 (1H, m) 538 (1H, m)
§ 571 (IH, dd, 525, 1516) 572 (IH, dd, 568, 1541) 571 (IH, dd, 607, 1518) 571 (IH, dd, 612, 15.26) 571 (1H, dd, 548, 1524)
9 648 (IH, dd, 1506, 1121) 653 (IH, dd, 1526, 11.08) 634 (IH, dd, 1512 112) 634 (IH, dd, 1524, 11.1) 647 (1H, dd, 1515, 11.17)
10 602 (IH, dd, 1090, 1085) 604 (IH, dd, 1133, 1063) 606 (IH, dd, 112, 1096) 604 (1H, dd, 11.05, 11.05) 605 (1H, dd, 1108, 105)
11 549 (IH, m) 559 (1H, m) 547 (1H, m) 545 (1H, m) 559 (1H, m)
12 23 (IH m) 24 (1H, m) 228 (2H, m) 226 (2H, m) 241 (1H, m)

214 (IH, m) 217 (1H, m) 217 (IH, m)

13 364 (IH m) 367 (1H, m) 402 (1H, m) 3.9 (1H, m) 364 (1H, m)
14 142 0H m) 14 (2H, m) 271 (1H, dd, 648, 1525 244 (2H, d, 651) 142 (H, m)

253 (1H, m)
15 414 (IH, m) 416 (1H, m) 415 (1H, m)
16 549 (IH, dd, 615, 1485 55 (IH, dd, 604, 1462) 599 (IH, d, 15.56) 238 (2H, t, 7.745) 552 (IH, dd, 612, 1452)
17 604 (IH, dd, 1484, 1035 603 (1H, m) 708 (1H, m) 21 (H, m) 606 (IH, dd, 1412, 10.63)
18 59 (IH, dd, 1050, 1462) 60 (IH, dd, 1058, 1452) 624 (IH, m) 535 (1H, m) 60 (IH, dd, 1053, 1499)
19 559 (IH, dt, 1436, 1418) 557 (1H, m) 623 (1H, m) 536 (IH, m) 559 (1H, dt, 1452, 13.85)
20 207 2H, m) 207 (2H, m) 226 (1H, m) 194 (2H, m) 207 (2H, m)

214 (IH, m)
2 14 (QH m) 154 (1H, m) 44 (H, m) 136 (2H, m) 145 (H, m)

141 (1H, m)
n 15 (H m) 156 (1H, m) 161 (2H, m) 153 (2H, m) 154 (2H, m)
142 (1H, m)

B 49 (I, m) 493 (1H, m) 495 (1H, m) 492 (1H, m) 494 (1H, m)
M 12 (H d, 627) 12 (H, d, 627) 122 (3H, d, 6.25) 119 (3H, d, 627) 12 (H, d, 627)
"
7 339 (2H, 9) 247 (2H, )
3 250 (2H, )
v

The assignments were aided by 1H-1H COZY, DEPT, HMQC, HMBC, and selective homonuclear decoupled spectra.

technique, which is a very effective method of determining
the coupling constants more accurately, was utilized for
analysis of the "H NMR spectrum, thereby determining the
geometric configurations (data not shown). Furthermore, the
C NMR spectrum (Table 3) evidenced an ester carbonyl
resonance at 165.89 ppm and 12 methine carbons between
67.14 and 143.82 ppm assigned to six double bonds (Table
3). As a result, compound I was identified as a macrolactin
compound. The specific rotation was shown to be -10 (C=4.0
in MeOH) at 17°C this is similar to the reported rotation
of MA [8,11,21]. Based on these data, compound I was identi-
fied as MA (Fig. 1).

The production yield of compound Il was 16 mg per liter
of fermentation broth. The purity was 84.88% on the HPLC

chromatogram observed at a UV wavelength of 262 nm.
Compound II displayed not only mass-to-charge ratios of
511.7 [M+Na]" and 487.7 [M-H] in the ESI-mass spectra, but
also maximal absorptions of 230 and 258 nm in the UV
spectrum. The NMR spectra of compound II were nearly
identical to those described by Romero-Tabarez ef al, in that
the 7-H signal was shifted approximately 1.2 ppm downfield
[21]. The “C signals equivalent to the malonyl residue were
identified at 166.47 and 168.27 ppm, and the direction of spe-
cific rotation was identified as levorotatory (-). These data,
together with the 'H-'"H COZY, HMQC and HMBC NMR
spectra, helped to define the structure of compound II as
MMA (Fig. 1, Table 2-3).

Compounds 11T and IV evidenced peaks at 424.0 [M+Na]"
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Table 3. °“ NMR data (125 MHz) of compounds 15 in DMSO-c#’

1797

Carbon No. 1 2 3 4 5
1 165.89 C 165.75 C 165.61 C 165.84 C 165.28 C
2 117.04 CH 117.88 CH 116.61 CH 117.05 CH 117.35 CH
3 143.82 CH 143.3 CH 143.38 CH 143.86 CH 142.82 CH
4 128.49 CH 129.35 CH 128.0 CH 128.63 CH 128.88 CH
5 142.73 CH 139.72 CH 142.01 CH 141.88 CH 139.50 CH
6 4223 CH2 38.74 CH2 4129 CH2 41.68 CH2 38.37 CH2
7 70.02 CH 73.64 CH 70.24 CH 70.55 CH 72.23 CH
8 137.86 CH 131.03 CH 137. 56 CH 13791 CH 130.96 CH
9 124.01 CH 126.93 CH 124.03 CH 124.48 CH 126.09 CH
10 129.91 CH 129.26 CH 130.07 CH 130.32 CH 128.78 CH
11 128.16 CH 130.26 CH 127.22 CH 127.65 CH 129.63 CH
12 35.86 CH2 35.8 CH2 34.75 CH2 3528 CH2 35.27 CH2
13 67.14 CH 67.07 CH 67.0 CH 67.0 CH 66.67 CH
14 43.82 CH2 43.81 CH2 45.83 CH2 4932 CH2 4354 CH2
15 67.59 CH 67.53 CH 198.94 C 209.17 C 67.13 CH
16 136.41 CH 136.48 CH 128.80 CH 43,06 CH2 135.98 CH
17 128.63 CH 128.62 CH 143.28 CH 26.69 CH2 128.19 CH
18 130.68 CH 130.67 CH 129.08 CH 129.42 CH 130.19 CH
19 133.46 CH 133.31 CH 144.85 CH 130.52 CH 132.88 CH
20 31.82 CH2 31.74 CH2 31.82 CH2 31.84 CH2 31.33 CH2
21 2449 CH2 2449 CH2 23.82 CH2 2492 CH2 24.08 CH2
22 34.74 CH2 34.72 CH2 3450 CH2 34.99 CH2 3429 CH2
23 70.57 CH 70.61 CH 69.96 CH 70.33 CH 70.17 CH
24 19.97 CH3 19.96 CH3 19.55 CH3 20.14 CH3 19.50 CH3
1 166.47 C 171.30 C
2 42.02 CH2 28.61 CH2
3 168.27 C 28.78 CH2
4 17318 C

“The assignments were aided by 1H-1H COZY, DEPT, HMQC, and HMBC spectra.

and 4260 [M+Na]" m/z, respectively, in the (+) ESI
spectrum. Additionally, compound III evidenced maximum
absorbance at 264 nm, whereas compound IV evidenced
maximum resonance at 262 nm. The purities of III and IV
were 98.9% and 90.8%, respectively, on the HPLC chromato-
gram observed at a UV wavelength of 262 nm. The pro-
duction yields of compounds Il and IV were 3 and 5 mg
per liter of fermentation broth, respectively. The NMR data
of compound III was nearly identical to that of MA, except
for the absence of a 15-H resonance, the appearance of 16-H
as a doublet at 5.99 ppm (d, J=15.56 Hz) and a downfield
shift of the protons (16-H, 17-H, 18-H and 19-H) in the 'H-
NMR spectrum (Table 2). Our comparison of the *C NMR
spectra of compound III and MA suggested that they dif-
fered only in terms of the presence of ketone in compound
III (Table 3). The structure of compound III was identical
to that of ME, based on the totality of the data [8]. The NMR
data of compound IV were nearly identical to those of ME,
except for the appearance of 14-H as a doublet at 2.44 ppm

(d, J=6.51 Hz), the existence of 16-H as a triplet at 2.38 ppm
(t, ]=7.745 Hz) in the "H NMR spectrum, a downfield shift
of the 15-C (209.17 ppm) and the appearance of two addi-
tional aliphatic methylenes in the PC NMR spectrum. The
NMR spectra of compound IV together with the LC/Mass
data helped to define the structure of compound IV as MF
(Fig. 1) [8].

The production yield of compound V was 138 mg per
liter of fermentation broth. Compound V evidenced a purity
of 97.02% on the HPLC chromatogram, 525.6 m/z of
[M+Na]+ in the (+) ESI spectrum, 501.6 m/z of [M-HJ- in
the (-) ESI spectrum, and maximum absorbance at a UV
wavelength of 258 nm. The specific rotation was -15 (C=4.0
in MeOH) at 17°C. The NMR data of compound V were
nearly identical to those of MMA except for the appearance
of 2-H (247 ppm), 3-H (2.5 ppm), 1'-C (C, 171.3042), 2’-C
(CH2, 28.6109), 3'-C (CH2, 28.7757) and 4'-C (C, 173.1817)
signals, which reflected the existence of succinyl residues.

The NMR spectra and the specific rotation value of com-
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b) VRE-2]

a VRE-1]

) MRSA-9)

Fig. 3. The growth inhibition zones of five macrolactins and reference compounds against VREs and MRSAs. a) and b) indicates
the growth inhibition of VRE-1 and VRE-2 (5x10°cfu/plate) treated with the test compounds, respectively. Each of ¢) and
d) indicates the growth inhibition of MRSA-4 and MRSA-9 (0.5~5x10°cfu/plate) with them. 0, MeOH as a control; 1, macro-
lactin A; 2, 7-Omalonyl macrolactin A; 3, 7-O-succinyl macrolactin A; 4, macrolactin E; 5, macrolactin F; 6, vancomycin;
7, methicillin; 8, ampicillin; 9, teicoplanin. Each disc is compromising 50 ug of the test compounds. VRE1/2, vancomycin-re-
sistant Enterococcus faeciuml/2. MRSA-4/9, methicillin-resistant Staphylococcus aureus-4/9.

pound V were almost identical to those of SMA [10]. The
LC/Mass data and the NMR data showed that compound
V was an SMA [10].
Antibacterial  activies  of  the  five  macrolactin
compounds
The antibacterial activities of the purified macolactin
compounds against reference strains and clinical isolates
were evaluated using a paper disc agar diffusion bioassay
(Table 4) and representative results are shown in Fig. 3. All
five of the macrolactin compounds inhibited the growth of
S. aureus, MRSA-4 and MRSA-9 and three of them (MA,
MMA, and SMA) inhibited the growth of £ faecalis, VRE-1,
and VRE-2. Furthermore, the antibacterialactivities of MA,
MMA and SMA against both VRE and MRSA were superior

to those of vancomycin and teicoplanin.

Discussion

We purified five macrolactin compounds from a fermen-
tation broth of BP2 [12] and elucidated their structures. The
macrolactin compounds were MA, MMA, SMA, ME and MF.

The antibacterial activities of the macrolactin compounds
against reference strains and clinical isolates were evaluated
via a paper disc agar diffusion bioassay. Three macrolactin
compounds, MA, MMA and SMA (but not ME and MF) in-
hibited the growth of both MRSA and VRE. ME and MF
proved active against MRSA, but were not active against
VRE. The principal structural difference between MA/MMA
/SMA and ME/MF was the presence of the C-15 hydroxyl
group. Nagao ef al reported that the hydroxyl group at C-15
might perform an important function in the antibacterial ac-
tivity of macrolactin compounds [16]. Our results also sug-
gest that the C-15 hydroxyl group of macrolactins could ex-
ert an effect on the antibacterial activity. We attempted to
determine the MIC value for the macrolactins, but they did
not completely inhibit the growth of the strains via the agar
diffusion method. The same results were reported by
Romero-Tabarez et al. [21]

The production levels of MA, MMA, SMA, ME, and MF
were 58 mg, 16 mg, 138 mg, 3 mg and 5 mg per L of fermen-
tation broth, respectively. The production yield of macro-
lactins has generally been approximately 3 mg/I, according
to the reports published thus far [8,10,11,14,16,21,27]. Based



on these results, B. polyfermenticus KJS-2 is apparently a po-
tentially valuable and effective strain for the production of
macrolactin compounds.

The three macrolactin compounds--MA, MMA, and
SMA--evidenced profound antibacterial activity against the
clinical isolates of MRSA and VRE, and their levels of activ-
ity were superior to those of vancomycin and teicoplanin.
The potential activity of macrolactins should be evaluated
by in vivo experiments in the future, owing to the somewhat

ambiguous MIC data this will be our next topic of inquiry.
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